Introduction {#Sec1}
============

The transcriptional coactivator CBP \[also known as cAMP-responsive element binding protein (CREB) binding protein\] and its homolog P300 (adenoviral E1A-binding protein of 300 kDa) are two closely related histone acetyl transferases (HATs) \[[@CR1], [@CR2]\] that contain an HAT catalytic domain and a bromodomain \[[@CR3]\]. The HAT domain functions as an acetyl-lysine "writer" by acetylating histone tails and other nuclear proteins, while the bromodomain (BrD) functions as an acetyl-lysine "reader" by identification of lysine acetylation state \[[@CR4], [@CR5]\]. Numerous studies have demonstrated that CBP plays an important role in various biochemical processes, including cell-type-specific gene transcription, cellular growth control, cell-cycle progression, DNA repair, maintenance of the differentiated state, and embryonic development \[[@CR6]\]. The dysregulation of CBP is functionally associated with many diseases, such as inflammation and cancer \[[@CR5], [@CR7]--[@CR9]\].

CBP/P300 bromodomains (BrD) are α-helical modules of \~110 residues that recognize the ε-N-acetylation of lysine residues, which is a family of evolutionarily conserved protein interaction modules that were discovered in the early 1990s in the *brahma* gene from *Drosophila melanogaster* \[[@CR10], [@CR11]\]. The bromodomain of CBP is a member of the non-BET bromodomain family, and many studies have shown that the bromodomain of CBP regulates Myc \[[@CR12]--[@CR14]\], an oncogene widely expressed in diverse cancers, especially in lymphoid malignancies and myeloma \[[@CR15]\]. In addition, the success of BET (bromodomain and extraterminal) inhibitors has stimulated intensive research enthusiasm against other BrD proteins, including the CBP bromodomain. In addition, CBP BrD is a promising and profound drug target for therapeutic intervention, and several potent and selective small-molecule inhibitors targeting CBP BrD have been reported in the literature \[[@CR11], [@CR15]--[@CR25]\]. The first potent inhibitors for CBP BrD were acetyl-lysine mimetic moieties based on 5- and 6-isoxazolylbenzimidazoles \[[@CR26]\], which were later optimized as SGC-CBP30 \[[@CR21]\]. Compound MS7972 was reported to inhibit the CBP-p53 interaction at 50 μM \[[@CR21]\]. Other CBP BrD probes, such as I-CBP112, PF-CBP1, and CPI-637, displayed good selectivity for CBP BrD over other bromodomains and showed good cellular activity. Recently, CellCentric disclosed the development of CCS1477, an orally available bromodomain inhibitor with a single-digit nanomolar affinity for CBP/p300, which is planned to begin phase I clinical trials in late-stage prostate cancer \[[@CR27]\]. All of these inhibitors support the high-potential chemical probes for further CBP-related biological function research and promote the development of therapeutic agents beyond the BET bromodomain family. Since the role of CBP in various pathways is elusive, there is still a pressing need for novel chemotypes of CBP BrD inhibitors with prominent pharmacokinetic and physicochemical properties.

Here, we report the discovery and evaluation of a CBP BrD inhibitor through an optimized TR-FRET (time-resolved fluorescence energy transfer)-based high-throughput screening assay against 20 000 compounds with different chemical scaffolds. The leading compound was discovered and named DC_CP20, and its IC~50~ value against the binding of CBP BrD with acetylated lysine was 744.3 nM. In addition, molecular docking studies proposed that DC_CP20 bound inside the Kac-binding pocket in a competitive manner. Furthermore, at the cellular level, the compound DC_CP20 showed effective inhibition of the proliferation of human leukemia MV4-11 cells with minimal effects on normal cells, and this molecule also downregulated the expression of the downstream oncogene Myc. These results demonstrated that this novel CBP BrD inhibitor was promising as a drug candidate for further optimization and development in therapies for CBP-related cancers.

Materials and methods {#Sec2}
=====================

Protein expression and purification {#Sec3}
-----------------------------------

The DNA fragment encoding the bromodomain of human CBP (residues 1082--1197) was codon optimized for *Escherichia coli* and subcloned into the pGEX 6p-1 vector (GE Healthcare, Chicago, IL, USA) containing a glutathione *S*-transferase tag. The CBP BrD protein was overexpressed in *E. coli* BL21 (DE3) cells in the LB medium at 37 °C for 4--6 h until the *OD*~600~ reached 0.6--0.8, then 0.4 mM IPTG (isopropyl-1-thio-*D*-galactopyranoside) (Sangon Biotech, Shanghai, China, Cat\#A600168) was added, and the culture was incubated overnight at 16 °C, followed by harvesting by centrifugation. Cell pellets were resuspended and sonicated in precooled lysis buffer A (20 mM HEPES, pH 7.4, 150 mM NaCl). The supernatant was loaded onto a GST affinity column (GE Healthcare, Chicago, IL, USA) after centrifugation at 18 000 r/min for 40 min at 4 °C. The recombinant proteins were eluted with buffer B (20 mM HEPES, pH 7.4, 150 mM NaCl, 20 mM *L*-glutathione reduced), then concentrated and further purified by gel-filtration chromatography using a Superdex 75 10/300GL column (GE Healthcare, Chicago, IL, USA) in 20 mM HEPES, pH 7.4, 150 mM NaCl, and 1 mM TCEP. Fractions containing protein were pooled, concentrated, and stored at −80 °C for biochemical characterization.

Time-resolved fluorescence energy transfer (TR-FRET) high-throughput screening assay {#Sec4}
------------------------------------------------------------------------------------

TR-FRET technology was used to screen in-house chemical libraries for small-molecule inhibitors of CBP BrD. The final volume of the reaction was 40 μL. The compounds were diluted in CPD buffer with 20 mM HEPES, pH 7.4, and 150 mM NaCl and then transferred to white 384-well plates (PerkinElmer, Waltham, MA, USA, Cat\#6007299) and incubated with 10 nM GST-CBP BrD in assay buffer \[20 mM HEPES, pH 7.4, 150 mM NaCl, 0.1% bovine serum albumin (*w*/*v*), 0.01% Triton X-100 (*v*/*v*)\] at room temperature for 30 min. After incubating with 100 nM H4 substrate peptide \[N-C: SGRG-K(Ac)-GG-K(Ac)-GLG-K(Ac)-GGA-K(Ac)-RHRKVGG-K(biotin)\] (ChinaPeptides, Suzhou, China) for 30 min, TR-FRET fluorophores, MAb anti-GST-Eu cryptate donor fluorophores and MAb anti-GST-XL665 acceptor fluorophores (Cisbio, Codolet, France, Cat\#61GSTKLB and 61GSTXLB), were diluted in assay buffer. Subsequently, 10 μL of the fluorophores was added to each well of the plates and incubated at room temperature for 90 min. Finally, the signals were measured by an EnVision Multilabel plate reader (PerkinElmer; mirror LANCE/DELFIA Dual/Bias, Eu ex 337 nm, Eu em 615 nm; XL665 em 665/10 nm) and analyzed with GraphPad Prism 7.0 (GraphPad Software Inc., La Jolla, CA, USA).

*Z*′ factor and S/B calculation {#Sec5}
-------------------------------

The *Z*′ factor quantifies the suitability of the high-throughput screening assay, and is calculated according to the following equation: *Z*′ = 1--3(σ~n~ + σ~p~) /\|(μ~n~−μ~p~)\|

The means and standard deviations of the positive (p) and negative (n) controls are denoted as μ~p~, σ~p~ and μ~p~, σ~n~, respectively \[[@CR28]\]. The negative controls were performed in different proportions of DMSO, and 2 μM SGC-CBP30 was used as the positive control and was added to each well of the same plate. The S/B value is the ratio of the average of the negative controls and the average of the positive controls.

Molecular modeling {#Sec6}
------------------

### Protein preparation and docking-grid generation {#Sec7}

The apo crystal structure of CBP BrD was downloaded from the Protein Data Bank (PDB Code: 4OUF). Specifically, all of the solvent molecules, except conservative water (residue number: 1313), were removed, and only the A chain was retained. Subsequently, the remaining protein structure was prepared using the Protein Preparation Wizard module (Schrödinger, LLC, New York, NY, USA, 2017) in Maestro (Maestro, version 11.1; Schrödinger, LLC: New York, NY, USA, 2017) with standard Glide protocols \[[@CR29]\], including assigning bond orders, adding hydrogens, creating disulfide bonds, and generating het states using Epik at pH 7.4 ± 2.0. Then, H-bond optimization and restrained minimization were performed with the OPLS3 force field and the default value for RMSD of 0.30 Å for converging heavy atoms. The receptor grid was defined as a closed box centered at crucial residues, including N1168, R1173, and Y1125, and other settings were set to default values.

### Ligand preparation for docking {#Sec8}

The 3D coordinates of the ligands in the compound candidates list were generated using LigPrep. The possible ionization of these ligands was generated at pH 7.4 ± 2.0. Desalting and tautomers were generated with the OPLS3 force field.

### Glide docking procedure {#Sec9}

Docking was performed using Maestro with the standard precision (SP) mode or extra precision (XP) mode. The ligands were sampled in a flexible manner, adding Epik state penalties to the docking score and rewarding intramolecular hydrogen bonds. After Glide docking, the poses scored lower than −5.0 were picked up.

### Induced fit docking procedure {#Sec10}

Docking was performed using Maestro with the induced fit docking procedure. The ligands were sampled in a flexible manner, adding Epik state penalties to the docking score and rewarding intramolecular hydrogen bonds. Extended sampling was used as a docking protocol to generate up to 80 poses using automatic docking settings. The crucial amino acids N1168, Y1125, and R1173 were selected as the docking box center, and residues within 5 Å of ligand poses were refined. Finally, the poses scored lower than −6.0 were picked up.

Surface plasmon resonance (SPR)-binding assay {#Sec11}
---------------------------------------------

The SPR-binding assays were performed on a Biacore T200 instrument (GE Healthcare, Chicago, IL, USA) at 25 °C, as previously described \[[@CR30], [@CR31]\]. CBP BrD protein was covalently immobilized on a CM5 chip using a standard amine-coupling procedure in 10 mM sodium acetate (pH 5.0). The chip was first equilibrated in HBS buffer (20 mM HEPES (pH 7.4), 150 mM NaCl, 0.05% (*v*/*v*) surfactant P20, and 0.2% (*v*/*v*) DMSO) overnight. The compounds were serially diluted with HBS buffer and injected for 120 s (contact phase), followed by 240 s (dissociation phase). The *K*~D~ values of the tested compounds were determined by Biacore T200 evaluation software (GE Healthcare, Chicago, IL, USA).

Cell-proliferation assays {#Sec12}
-------------------------

MV4-11, HUV-EC-C, and MRC-5 cell lines were purchased from ATCC. All cell lines were maintained in the RPMI-1640 medium or DMEM (Life Technologies, Carlsbad, CA, USA) supplemented with 10% fetal bovine serum and 1% Pen/Strep (Life Technologies, Carlsbad, CA, USA). MV4-11 cells were seeded onto 96-well plates at a density of 5 × 10^3^ mL^−1^ in a volume of 50 μL and incubated for 30 min. HUV-EC-C and MRC-5 cells were seeded onto 96-well plates at a density of 3 × 10^3^ mL^−1^ in a volume of 50 μL and incubated for 12 h. Then, 50 μL of different concentrations of compounds or DMSO control was added to the plate and incubated for 3 days. Cell Titer-Glo luminescent assays (Promega, Madison, WI, USA) were used to determine the fraction of viable cells according to the manufacturer's instructions. The plates were read on a multilabel reader (Envision, PerkinElmer, Waltham, MA, USA). All treatments were performed in triplicate. All data were analyzed with GraphPad Prism 7.0 (GraphPad Software Inc., La Jolla, CA, USA).

Western blot analysis {#Sec13}
---------------------

The cells were seeded onto six-well plates at a density of 1 × 10^6^ mL^−1^ and treated with different concentrations of compounds or DMSO control for 6 h. The cell lysates were prepared using 1 × SDS cell lysis buffer and boiled for 20 min. The total cell lysates were separated by 12% SDS-polyacrylamide gels and transferred to nitrocellulose membranes. The blots were blocked with blocking buffer (5% nonfat milk in TBST) for 30−60 min at room temperature and incubated with anti-cMYC (Cell Signaling Technology, Danvers, MA, USA, Cat\#5605S) and anti-GAPDH (Sangon Biotech, Shanghai, China, Cat\#D110016) primary antibodies overnight at 4 °C. Then, the blots were probed with HRP-conjugated anti-rabbit (Sangon Biotech, Shanghai, China, Cat\#D110058) or anti-mouse (Sangon Biotech, Shanghai, China, Cat\#D110087) IgG secondary antibodies for 1 h at room temperature. Following another three washes, the bands were detected with a Amersham Imager 600 imaging system (GE Healthcare, Chicago, IL, USA) using ECL substrate (Share-Bio, Shanghai, China, Cat\#sb-wb011).

Statistical analyses {#Sec14}
--------------------

All the data are presented as the mean ± the standard error of the mean (SEM) which were from at least three independent experiments. All the statistical analyses were performed using GraphPad Prism 7.0 (GraphPad Software Inc., La Jolla, CA, USA).

Results {#Sec15}
=======

Establishment of a high-throughput screening (HTS) assay targeting CBP bromodomain {#Sec16}
----------------------------------------------------------------------------------

Currently, HTS has matured to become an integral part of pharmaceutical research and a cornerstone in the expansion of biomedical knowledge \[[@CR32]\]. The TR-FRET technique is a reliable and efficient method for detecting enzyme activity and protein--protein interactions. In this report, we developed a high-throughput screening assay based on the TR-FRET technique, which was applied to screen in-house chemical libraries containing \~20,000 diverse compound collections. In the TR-FRET assay, the signal value became stable when the two fluorophores carrying CBP BrD and substrate peptides were close to each other. In contrast, the signal would decrease if the compound blocks the interaction (Fig. [1a](#Fig1){ref-type="fig"}). To determine the optimal HTS assay conditions, different concentrations of CBP BrD were titrated ranging from 1.56 nM to 100 nM with excess H4 substrate to determine the optimum protein concentration for the following screening experiments. The titration was then reversed with different concentrations of peptides in the presence of a fixed amount of CBP BrD protein and determined the apparent *K*~D~ values between CBP BrD and acetylated substrate peptide H4 (Fig. [1b, c](#Fig1){ref-type="fig"}). Considering the sensitivity and robustness of the HTS assay, the relatively low concentrations (20 nM CBP BrD and 100 nM biotinylated H4 peptide) that provided reliable signals were selected for future applications.Fig. 1The establishment and evaluation of the TR-FRET assay. **a** The schematic diagram of the TR-FRET assay. **b** TR-FRET saturation-binding curves with increasing concentrations of GST-CBP BrD. **c** TR-FRET saturation-binding curves with increasing concentrations of lysine-acetylated H4 peptide. **d** Evaluation of *Z*′ factors for the high-throughput screening assay in the absence or presence of 0.25% DMSO. **e** IC~50~ determination for SGC-CBP30 against CBP BrD. All experiments were performed at least three times. The data were analyzed in GraphPad Prism 7.0

Since most of the compounds used DMSO as a solvent and DMSO can bind to the CBP bromodomain (PDB code 3P1E), DMSO tolerance is a vital factor influencing the stability of high-throughput screens. Various concentration gradients of DMSO (0.25%, 0.5%, 1%, 2%, and 4%) were used for testing the DMSO tolerance and stability of the HTS assay (Fig. [1d;](#Fig1){ref-type="fig"} Supplementary Fig. [S1](#MOESM1){ref-type="media"}). When the percentage of DMSO was 0.25%, the signal-to-background ratio (S/B) was 25.10, but there was almost no window in the readings when the ratio increased to 4%. In addition, the *Z*′ factor is commonly used as an indicator of high-throughput screening assay performance, and an assay with a *Z*′ factor of less than 0.5 is not recommended for HTS \[[@CR28]\]. To test whether the TR-FRET assay was suitable as a high-throughput screening assay, we calculated the *Z*′ factors at different DMSO concentrations (0.25%, 0.5%, 1%, 2%, and 4%), and the results indicated that increased DMSO concentrations led to lower *Z*′ factors. The assay had an excellent *Z*′ factor of 0.87 with 0.25% DMSO. To increase the robustness and accuracy of the assay, we performed the screening assay under a 0.25% DMSO level. The feasibility of this HTS assay was further verified by testing the inhibitory activity of the positive compound SGC-CBP30; the test values were consistent with those in previous reports \[[@CR15]\] (Fig. [1e](#Fig1){ref-type="fig"}).

Discovery of compound DC_CP20 through TR-FRET-based high-throughput screening {#Sec17}
-----------------------------------------------------------------------------

We applied the well-optimized HTS method to screen in-house chemical libraries containing \~20 000 different chemicals (Fig. [2a](#Fig2){ref-type="fig"}). A primary screening was performed at a single concentration (50 μM), and the compounds displaying greater than 70% inhibition were selected for further evaluation. After primary TR-FRET-based high-throughput screening and second-round validation, we generated seven chemical scaffolds containing 26 candidate compounds with significant dose-dependent inhibitory activities for CBP BrD, and the inhibition rate of these compounds at concentrations of 25 μM and 50 μM is shown in Fig. [2b](#Fig2){ref-type="fig"}. Among these candidate inhibitors, DC_CP20, with a novel chemical scaffold of 3-phenyl- \[1,2,4\] triazolo \[3,4-b\] \[1,3,4\] thiadiazole for CBP BrD, showed optimal inhibitory activity (IC~50~ = 744.3 nM) (Fig. [2c, d](#Fig2){ref-type="fig"}). Thus, DC_CP20 was chosen as the representative compound for further in-depth characterization.Fig. 2The discovery of compound DC_CP20 and hits validation. **a** Flowchart of hierarchical high-throughput screening for CBP BrD inhibitors. **b** Inhibitory activity of top 26 compounds from high-throughput screening determined by TR-FRET assay. **c** Structure of compound DC_CP20. **d** IC~50~ determination for compound DC_CP20 against CBP BrD by TR-FRET assay. **e** SPR-binding data for the interactions of DC_CP20 with CBP BrD. The compound was prepared at concentration of 0.173, 0.390, 0.585, 0.878, 1.975, 2.963, 4.444, and 6.667 μM, respectively

Binging assay based on SPR {#Sec18}
--------------------------

As the SPR assay is one of the most useful biophysical methods for hit validation, we conducted SPR assays to further validate the interaction of CBP BrD with DC_CP20 and to determine their binding affinity. As shown in Fig. [2e](#Fig2){ref-type="fig"}, DC_CP20 directly bound to CBP BrD with an equilibrium dissociation constant (*K*~D~) of 4.01 μM, which was consistent with its IC~50~ value of 744.3 nM. Taken together, DC_CP20 can bind to CBP BrD and then inhibit CBP BrD activity in vitro.

Binding mode and structure--activity relationships (SARs) analysis {#Sec19}
------------------------------------------------------------------

To further understand the molecular mechanism of the inhibitory properties of DC_CP20 toward CBP BrD, a putative binding mode was docked by Glide by using the SP mode of Maestro (Schrödinger LLC 2015, USA). As shown in Fig. [3a, b](#Fig3){ref-type="fig"}, DC_CP20 stably occupied the hydrophobic pocket core in CBP BrD, and the dimethylamino group interacted with the side chain of the N1168 residue through a hydrogen bond. Significantly, the residue of N1168 is a conserved Kac-binding site for CBP BrD \[[@CR33]--[@CR35]\]. In addition, the N1 of the \[1,2,4\] triazolo \[3,4-b\] \[1,3,4\] thiadiazole moiety was also involved in the water hydrogen-bonding bridge with Y1125 and M1133. Moreover, some nonpolar interactions, such as hydrophobic interactions, were also formed between CBP BrD and DC_CP20. The chemical scaffold 3-phenyl- \[1,2,4\] triazolo \[3,4-b\] \[1,3,4\] thiadiazole is sandwiched between L1120 and the gatekeeper (V1174), while the phenyl group makes van der Waals interactions with I1122, L1120, and P1117.Fig. 3Putative binding mode between DC_CP20 and CBP BrD. **a** A close up view of the interaction between CBP BrD and DC_CP20. The ligand and interacting residues are shown as sticks; water molecules are shown as spheres; hydrogen bonds are indicated by yellow dotted lines. **b** The Kac-binding region of CBP BrD occupied by DC_CP20

To further explore the relationship between the chemical structures and their anti-CBP BrD activity, we detected the inhibitory activity of various derivatives of the chemical scaffold 3-phenyl- \[1,2,4\] triazolo \[3,4-b\] \[1,3,4\] thiadiazole (Table [1](#Tab1){ref-type="table"}). First, the results showed that the dimethylamino group or the methoxy group in the para position of the benzene ring weakened the inhibitory activity, probably because of the steric hindrance and electrostatic interactions of compounds DC_CP20_01 and DC_CP20_11. Second, when (*E*)-1-chloro-4-(prop-1-en-1-yl) phenyl became a side chain of the scaffold, the inhibitory activity of compounds DC_CP20_10 and DC_CP20_05 was slightly reduced. Moreover, the determined IC~50~ of compound DC_CP03 and compound DC_CP13 suggested that the inhibitory activity would become weak if the side chain was replaced by small groups, such as an ethyl group. Similarly, the large side chain would impair the inhibitory activity probably because of its steric hindrance effects. For example, the IC~50~ value of the negative compound DC_CP_neg was 100 μM (Supplementary Fig. [S2](#MOESM1){ref-type="media"}), which was more than 100 times the IC~50~ value of compound DC_CP20. Collectively, the docking results and SAR analysis demonstrated the binding mechanism of the lead compound. In addition, the above insights should help guide further design and discovery of the more potent CBP BrD inhibitors derived from compound DC_CP20.Table 1The chemical structure and inhibition activities of DC_CP20 derivatives

Evaluation of compound DC_CP20 at the cellular level {#Sec20}
----------------------------------------------------

Recent studies have indicated that CBP/p300 are involved in recurrent leukemia-associated chromosomal translocations and are key regulators of cell growth. These studies also supported consideration of p300 and CBP as therapeutic targets in AML (acute myeloid leukemia) \[[@CR15]\]. Therefore, to further evaluate the inhibitory activity of DC_CP20 at the cellular level, we investigated its effects on the proliferation of MV4-11 in vitro using a cell Titer-Glo luminescent assay. As expected, DC_CP20 showed potent antiproliferative activity against tested leukemia cell lines in a dose-dependent manner, with IC~50~ values of 19.2 μM, while the negative compound DC_CP_neg presented minimal effect on cell growth (Fig. [4a, b](#Fig4){ref-type="fig"}). In addition, DC_CP20 showed minimal effect on the proliferation of normal cells, including the umbilical vascular endothelium cells HUV-EC-C and normal lung tissue cell line MRC5 (Fig. [4c, d](#Fig4){ref-type="fig"}). Previous genetic studies have demonstrated that CBP BrD regulates the expression of Myc in diverse human cancers \[[@CR13], [@CR14]\]. To evaluate the effects of DC_CP20 on the expression of Myc protein, gradient concentrations of DC_CP20 were applied to evaluate protein levels. As shown in Fig. [4e](#Fig4){ref-type="fig"}, DC_CP20 downregulated the expression of Myc in MV4-11 cells. Collectively, these results demonstrated the high-target engagement of the identified CBP BrD inhibitor in MV4-11 cells.Fig. 4Characterization of hit compounds at cellular level. (**a**) Cell growth inhibition curves of compound DC_CP20 for the MV4-11 cell lines at 72 h. (**b**) Cell growth histogram of negative compound DC_CP_neg for the MV4-11 cell lines at 72 h. (**c**) Cell growth histogram of compound DC_CP20 for the HUV-EC-C normal cell lines and (**d**) MRC5 normal cell lines at 72 h. (**e**) Treatment with DC_CP20 for 6 h dose-dependently inhibited the protein abundance of c-Myc in MV4-11 cells

Discussion {#Sec21}
==========

The CBP bromodomain is a non-BET bromodomain that is crucial for diverse cellular processes \[[@CR36]\] and has emerged as an attractive target for drug discovery. Thus, there is an urgent demand to develop novel chemical scaffolds for CBP BrD.

In this study, we developed a stable and reproducible TR-FRET-based HTS assay targeting CBP BrD to identify small molecules that block the interaction between CBP BrD and its substrate peptide H4 (K5ac, K8ac, K12ac, and K16ac). The high *Z*′ factors (\>0.7) at different DMSO concentrations demonstrated the robustness and reliability of this TR-FRET-based high-throughput screening assay. Using this platform, we carried out a pilot screen against an in-house chemical library, leading to the identification of DC_CP20, which showed a favorable IC~50~ value of 744.3 nM in vitro. The binding affinity was validated by SPR with a *K*~D~ value of 4.01 μM. The *K*~D~ value measured by the SPR method was consistent with the IC~50~ value detected by the TR-FRET assay. Further molecular docking results demonstrated that DC_CP20 occupied the Kac-binding region, which accounted for its inhibitory activity in vitro and provided an atomic-resolution interpretation of structure--activity relationship. A series of derivatives of DC_CP20 were tested for the inhibitory activity of CBP BrD, which provided a preliminary structure--activity relationship that can be evaluated for further chemical modification. At the cellular level, DC_CP20 could inhibit the proliferation of MV4-11 cell lines with an IC~50~ of 19.2 μM, and this compound showed no effect on normal cells. In addition, treatment with DC_CP20 significantly downregulated the expression of Myc at a concentration of 12.5 μM. DC_CP20 exerted differential activities between the TR-FRET assay and the cell Titer-Glo luminescent assay, an effect that is probably due to the weak permeability of our molecules in cells, suggesting that these compounds exhibited less strong potency at the cellular level.

In conclusion, the TR-FRET-based high-throughput screening assay established here may be a reliable platform that could promote the drug discovery process for CBP BrD. In addition, this technique may be a potential strategy to identify more potent compounds by combining this platform with a rational drug molecular design and further optimization of the chemical structure. In addition, the novel scaffold of the CBP BrD inhibitor was promising as a drug candidate after further optimization and development in the therapeutic intervention of CBP-related cancers.
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